Iowa State University
Theorists have predicted that repetition blindness (RB) should be absent for nonwords because they do not activate preexisting mental types. The authors hypothesized that RB would be observed for nonwords because RB can occur at a sublexical level. Four experiments showed that RB is observed for word-nonword pairs (noon noof), orthographically similar nonwords (glome glame), and identical repetitions ( plass plass). More RB was found for words than for nonwords. Prior researchers may have failed to find RB for nonwords because display conditions that allow 2 words to be reliably encoded are insufficient for nonwords, or because observers coped with low ability to encode nonwords by using guessing strategies that do not require creating a mental type or tokenizing it.
Many reading researchers have noted that words have a type of unitization that is not possessed by nonwords (M. Coltheart, Curtis, Atkins, & Haller, 1993; M. Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Rastle & Coltheart, 1998 . If nonwords do not activate mental types, then nonwords should not demonstrate the phenomenon known as repetition blindness (RB; Kanwisher, 1987) . Several authors have recently concluded that RB does not occur for nonwords and have linked this to arguments that nonwords do not activate mental types (Campbell, Fugelsang, & Hernberg, 2002; V. Coltheart & Langdon, 2003) . We demonstrate that robust RB occurs for nonwords, although RB is usually stronger for words than for nonwords.
Repetition Blindness
RB is a deficit in reporting the second occurrence of a repeated item, compared with reporting dissimilar items, when the two items are rapidly and sequentially displayed at stimulus-onset asynchronies of approximately 80 to 300 ms (Bavelier, Prasada, & Segui, 1994; Hochhaus & Johnston, 1996; Kanwisher, 1987; Kanwisher & Potter, 1990; Mozer, 1989; Park & Kanwisher, 1994) . For pictures, RB occurs for different views of the same object (e.g., front/side of an iron; Kanwisher, Yin, & Wojciulik, 1997) . In the realm of words, RB is not attenuated by changes in case (Bavelier & Potter, 1992) and occurs for words that share as few as two adjacent letters (as in felt bolt 1 ) or three nonadjacent letters (medical seminar; Harris, 2001) . The strength of the RB effect depends on number of repeated letters, with strongest RB for identical words, less RB for orthographic neighbors (tower lower), and the least amount of RB for word pairs repeating only their initial letter (Harris & Morris, 2000) .
The predominant explanation for RB, put forward by Kanwisher (1987; Kanwisher & Potter, 1990; Park & Kanwisher, 1994) and endorsed by other researchers (Bavelier, 1994 (Bavelier, , 1999 Chun, 1997; Hochhaus & Marohn, 1991) , is a temporal limitation in distinguishing the separate occurrences of a twice-activated visual type. Kanwisher referred to this as type activation without token individuation. She linked the ideas of types and tokens to the object recognition literature, including the distinction between the dorsal visual stream, which identifies the spatial location and other episodic characteristics of an object, and the ventral visual stream, which identifies the object as a unique type stored in long-term memory (Kanwisher, 1991; Kanwisher, Driver, & Machado, 1995) .
It would be convenient for experimenters if token individuation theory made clear predictions about repetition of identical nonwords (such as carn carn) and nonidentical nonwords (tarn carn). Instead, predictions depend on assumptions about whether the locus of RB effects is lexical or sublexical and whether nonwords activate preexisting types. For example, if RB occurs at the level of lexical type nodes, and nonwords do not activate preexisting lexical type nodes, then there should be no RB for nonwords. This follows from basic postulates of token individuation theory: If there is no type activation, there can be no difficulty in binding a twice-activated type to two separate tokens, and thus no disadvantage in reporting two repeated words relative to two dissimilar words. A finding of no RB for nonwords would be helpful because it could be used as support not only for token individuation theory but also for the assumption that RB occurs at the lexical level and not the sublexical level, and for the assumption that nonwords do not activate preexisting lexical type nodes. Indeed, this was the conclusion recently advocated by V. Coltheart and Langdon 1 Researchers generally change the case between the two critical items to rule out low-level visual superposition as an explanation of failure to detect a second occurrence of a word. For ease of presentation, we present words in lowercase when listing examples of stimuli. (2003) , who found a repetition advantage for identical nonwords even though words, in the same experiment, showed RB.
Orthographic Repetition Blindness RB occurs for words that are merely orthographically similar; this is typically referred to as orthographic RB. RB for chance hand occurs because of the han string within these words (Harris & Morris, 2000) . Can a letter string within a word fail to be tokenized, or is tokenization strictly a lexical-level event? The existence of orthographic RB is problematic for Kanwisher's token individuation theory (Harris & Morris, 2000 , 2001a , 2001b Morris & Harris, 1999) . Recognizing this, Kanwisher and Potter (1990) speculated that orthographic RB for words like cape cap may arise if observers misread one of the words as the other, which then allows operation of the mechanism underlying identity RB. Bavelier and Jordan (1992) have also explained orthographic RB as a weaker form of identity RB, with amount of RB being proportional to the similarity between the two critical words. Chialant and Caramazza (1997) suggested that orthographic RB and identity RB arise from different mechanisms. Orthographic RB may not be "true RB" but a result of word-to-word inhibition resulting when similar words compete for selection during lexical access. They claimed that it would be implausible for token individuation to operate at a sublexical level: "RB is an effect that occurs at the level of representation where a stimulus is encoded for recognition and recall; earlier levels of representation do not contribute to the RB effect" (p. 100). However, Chialant and Caramazza's experiments in support of a different mechanism for identity and orthographic RB did not replicate, and thus their proposal lacks empirical support (Harris & Morris, 2001a) .
Considerable evidence exists that orthographic RB has a sublexical locus (Harris & Morris, 2000 , 2001a , 2001b Morris & Harris, 1999, in press ). Participants frequently misreport orthographically similar words in a manner that preserves the unique letters while omitting the repeated letters. For example, participants may read pain grain as pain grass. To confirm statistics garnered from misreports, we developed the illusory words paradigm. Words and word fragments were displayed by means of rapid serial visual presentation (RSVP; Forster, 1970; Potter, 1984) , as in the sequence copy french kitty fresh bru. If only the repeated letters are affected by RB, with the nonrepeated letters detected and capable of feeding activation to words consistent with them, then the sh at the end of fresh should activate words of similar length ending in sh. In combination with bru, this should activate (with some probability) the word brush. Frequency of report of the illusory word brush was two to three times higher in this trial compared with nonrepeated control trials (copy window kitty fresh bru). We concluded that repetition of the repeated fre string did not suppress the entire word fresh (in the example listed above), and thus the locus of orthographic RB effects is at the level of the repeated letters.
The sublexical view of orthographic RB makes clear predictions about RB and orthographically similar nonwords: If RB occurs at the sublexical level for words, then it should also apply at this level for nonwords. That is, for stimuli such as meap teap, the repetition of eap across the two stimuli should suppress recognition of eap in the second item, leading to a report deficit for this pair compared with a nonrepeated control such as noof teap.
We present four experiments concerning RB in nonwords. The goal of the first two experiments was to establish that nonwords are susceptible to RB and that this effect occurs at the level of letters (or letter clusters) within nonwords. Pilot experiments revealed low report of nonwords even when nonwords shared no repeated letters. It has long been known that nonwords are difficult to name out loud under conditions of brief display and masking by pattern masks or subsequent stimuli (Carr & Pollatsek, 1985) . RB appears to depend on good recognition of the first of the two similar words (Luo & Caramazza, 1995 . If the nonrepeated condition has poor report of both critical words, then it will be difficult to find RB, due to floor effects and to the possibility that poor recognition of the first item means that masked priming is occurring (Bavelier & Jordan, 1992) . It was difficult to obtain high (at least 70%) report of both items in the nonrepeated condition in our pilot experiments. (Indeed, in V. Coltheart and Langdon's, 2003 , studies, correct report of nonwords was in the 10%-20% range.) Because of readers' difficulty in reading nonwords under RSVP conditions, in the first two experiments we used wordnonword pairs, such as noon noof. Prior researchers found that novel objects are hard to identify when embedded in lists (Arnell & Jolicoeur, 1997) . We thus displayed only two items, embedded in symbol strings, as suggested by Bavelier et al. (1994) . Prior work has shown that RB for just two displayed words resembles RB obtained when words are embedded in a longer sequence (Harris, 2001; Harris & Morris, 2000) . With positive findings in this paradigm, a pool of easy-to-pronounce nonwords, and an increased understanding of practice procedures to train participants in reading nonwords, in Experiment 3 we turned to orthographically similar nonword pairs such as treal treap.
It is well known that repetition of identical words results in an additional deficit beyond what is obtained for words that repeat all their letters but one (Ayçiçegi & Harris, 2002; Harris & Morris, 2000; Morris & Harris, 2002) . If nonwords do not activate types at the level of the whole string, would nonwords show the additional RB deficit observed for words? In Experiment 4 we included word-word trials and nonword-nonword trials, and compared both identity and orthographic RB.
Experiment 1
Investigating the susceptibility of nonwords to RB is relevant to Chialant and Caramazza's (1997) claim that inhibition between words during lexical competition is the source of orthographic RB. These authors would agree with Colombo (1986) that nonwords are not listed in the lexicon and thus do not receive inhibition during lexical access. On this view, there should be no RB between a word and a subsequent nonword, or at most only weak RB. However, if Chialant and Caramazza are incorrect, and orthographic RB occurs at a sublexical level, then strong RB should be found for word-nonword pairs containing repeated letters such as noon noof.
Method
Design and materials. Twenty-one easily pronounceable three-or four-letter nonwords were created, and each was paired with three different words to create three versions of each stimulus item (see Appendix A). In the neighbor condition, the word and nonword shared all but their final letters (tail tain). In the single-letter condition, only the initial letters were shared (tube tain). In the nonrepeated condition, no letters were shared.
The words in each stimulus item were matched for frequency across conditions. The three versions of each stimulus item were counterbalanced across participants, such that each participant viewed seven stimulus items in each condition, for a total of 21 experimental trials. The word (Item 1) always appeared in lowercase letters, with the nonword (Item 2) in uppercase. The font was 36 pt. Courier. In addition to 21 experimental trials, participants viewed 10 filler trials containing no repeated letters to reduce saliency of orthographically similar items.
Procedure. Participants were instructed to report both the word and nonword on each trial. Pilot studies indicated that participants varied considerably in ability to perceive and report briefly displayed nonwords; participants were therefore instructed to report whatever letters they did perceive in the event that they were unable to report an entire nonword. A lengthy practice procedure was instituted to improve nonword report. Participants viewed 30 practice trials consisting of word-nonword pairs (with no repeated letters) prior to viewing the experimental trials. Participants pressed the space bar to initiate each trial, which consisted of sequences such as noon ##### NOOF &&&&&. The word was displayed for 90 ms, the masking stimulus ##### displayed for 60 ms, and the final masking string &&&&& was displayed for 250 ms. (Because of a 15-ms interstimulus interval, the interstimulus interval between word and nonword was 90 ms.) Exposure duration for the nonword was set at 150 ms at the beginning of the practice trials, and was subsequently decreased by 15 ms every 5 trials if the participant's accuracy in reporting both the word and nonword was greater than 60% over the preceding block of 5 trials. Exposure duration was increased if participants' accuracy fell below 45%. At the close of the practice trials, an exposure was chosen and held constant for the experimental trials. The average exposure duration for the nonword for the experimental trials across the 30 participants was 97 ms (range ϭ 60 -150 ms). The experimenter recorded participants' immediate report by pressing keys on the computer and by annotating a score sheet containing the correct sequence.
Apparatus. The stimuli for all experiments reported in this article were presented on a Macintosh IIci, with display of stimuli and collection of response times controlled by the PsyScope experimental control software (Cohen, MacWhinney, Flatt, & Provost, 1993) . Participants sat approximately 45 cm from the screen.
Participants. Participants were 30 Boston University students who participated in exchange for course credit. All participants were native English speakers (8 participants acquired English simultaneously with another language).
Results and Discussion
Following Bavelier et al. (1994) , we scored how often Item 2 was reported given correct report of Item 1 (percentage correct report of Item 1 averaged 98% or greater in all three stimulus conditions).
2 The percentages of correct reports of Item 2 along with omissions and misreports for each condition are shown in Newman-Keuls tests showed that report of Item 2 was significantly lower for both the neighbor and single-letter conditions compared with the nonrepeated condition (both ps Ͻ .01). Because RB is indexed by the difference between repeated (neighbor or single-letter) and nonrepeated conditions, these results showed a substantial repetition deficit for both neighbor and single-letter conditions. In addition, report of Item 2 in the neighbor condition was lower than in the single-letter condition ( p Ͻ .01), indicating greater RB in the neighbor condition (54%) compared with the single-letter condition (33%).
The finding of strong RB in nonwords falsifies the prediction that orthographic RB is only caused by lexical-level competition and the claim that sublexical effects, if they exist at all, will be weak. To substantiate the claim that the locus of these RB effects is sublexical, we analyzed participants' misreports. Morris and Harris (1999) argued that a hallmark of sublexical effects is that letters unique to Item 2 will be reported (either as part of another word or in isolation), whereas letters shared with Item 1 will be excluded. Explanations of RB based on inhibition at the level of the whole letter string make no predictions about what participants will report in place of Item 2. Participants' error reports are consistent with the proposal that only the repeated letters are suppressed due to the mechanism responsible for repetition deficits. The top half of Table 2 shows report of the first letter versus the remaining letters (as a percentage of all misreports) for the single-letter and nonrepeated conditions. As predicted by sublexical models, Item 2 misreports in the single-letter condition selectively omitted the letter shared with Item 1, as compared with the same letter in the nonrepeated condition, t(19) ϭ 4.2, p Ͻ .001.
The bottom half of Table 2 shows a similar comparison involving the neighbor and nonrepeated conditions. In this case, the neighbor condition had only one unique letter, the last letter. All other letters were shared. Letters corresponding to the shared letters in the nonrepeated condition would be the first two letters in the case of three-letter nonwords, and first three letters in the case of four-letter nonwords. Again, the shared letters appeared less often in misreports in the neighbor condition when compared with the same letters in the nonrepeated condition, t(19) ϭ 4.6, p Ͻ .001, whereas the unique letter was selectively preserved in the neighbor condition in comparison with the same letter in the nonrepeated condition, t(19) ϭ 3.8, p Ͻ .005.
3 When individual letters were reported, these were more frequently the unique letters than the repeated letters. For example, for the stimulus box BOT, one misreport was "box and something ending in T."
The results of Experiment 1 demonstrated that RB occurs for word-nonword pairs and is a strong effect (similar to the size of effects in reporting orthographically similar words, as in Bavelier , 1994) . Finding reliable RB when only a single letter was repeated across the two items falsifies Chialant and Caramazza's (1997) contention that any observed sublexical RB would be weak. Furthermore, the pattern of misreports points to a sublexical locus for RB. The reader may note that the finding of more RB for the neighbor condition compared with the single-letter condition is compatible with a mechanism for RB that operates at the level of the whole letter string. That is, a mechanism sensitive to the overall similarity of two items would plausibly result in more RB for orthographic neighbors like noon and noof than for stimuli like mad and mup. Our next nonwords experiment considered an area in which the sublexical and whole-word/global similarity approaches (Bavelier & Jordan, 1992; Chialant & Caramazza, 1997) make different predictions: the effect of changing the proportion of shared letters.
Experiment 2
Experiment 2 again used word-nonword pairs to investigate whether the RB effect has a sublexical locus. In this experiment, we held the number of shared letters constant across items (in the repeated letters condition) but varied the proportion of shared letters by varying word length. This enabled us to manipulate overall similarity between Item 1 and Item 2 such that different predictions were generated for the sublexical account of orthographic RB (Harris & Morris, 2000; Morris & Harris, 1999) relative to theories that posit that amount of RB will reflect similarity at the level of the whole letter string (Bavelier & Jordan, 1992; Chialant & Caramazza, 1997) .
Words and nonwords such as jet and jeg are more similar to each other than plane and plosh, although both share the same number of letters. An account of RB based on overall similarity at the whole-string level would therefore predict a greater magnitude of RB for jet jeg compared with plane plosh, whereas sublexical accounts predict approximately equal amounts of RB for these two types of stimuli. This is because the number of repeated letters in the Length 3 and Length 5 stimuli is the same. According to the sublexical account of RB, equivalent amounts of information would be missing in these two conditions. Therefore ability to report these two categories of nonwords will be equivalent. 4 
Method
Design and materials. Materials consisted of 20 word-nonword pairs, with two different lengths (three letters and five letters), each with a repeated and nonrepeated condition (see Appendix B). For the repeated condition, the word and nonword shared the first two letters; no letters were shared in the nonrepeated condition. Thus, all repeated items shared the same number of letters between Item 1 and Item 2, but the proportion of letters shared was greater for the three-letter stimuli (67%) than for the five-letter stimuli (40%). Words were matched for frequency between conditions and stimulus types. As in Experiment 1, 10 filler trials were included to decrease the proportion of orthographically similar trials.
Procedure. The procedure was the same as in Experiment 1; participants again viewed 30 practice trials prior to the experimental trials. The average exposure duration for Item 2 for the experimental trials across the 20 participants was 95 ms (range ϭ 75-135 ms).
Participants. Participants were 20 Boston University students who participated in exchange for course credit. All participants were native English speakers.
Results and Discussion
Percentage correct report of Item 1 averaged 98% or greater in all stimulus conditions. The percentages of correct reports of Item 2 given correct report of Item 1 are shown in Table 3 . An analysis of variance (ANOVA) revealed a significant main effect of repeatedness in both the participant and item analyses, F 1 (1, 19) ϭ 26.6, p Ͻ .001; F 2 (1, 18) ϭ 67.1, p Ͻ .001. The main effect of length was not significant, F 1 (1, 19) ϭ 2.3, p Ͼ .10; F 2 (1, 18) ϭ 1.5, p Ͼ .20. We also failed to obtain a significant interaction between repeatedness and length,
Participants' misreports were analyzed in a manner similar to the previous experiment. In the present experiment, the first two letters in the repeated condition were shared; the remaining letters were unique to Item 2. Table 4 shows percentage report of the first two letters versus the remaining letters for the repeated and nonrepeated conditions, collapsed across word length. As predicted by sublexical models, Item 2 misreports contained fewer letters repeated from Item 1 compared with the nonrepeated condition, t(17) ϭ 6.2, p Ͻ .001. Also, the unique letters in Item 2 were reported at a higher rate in the repeated condition compared with the same letters in the nonrepeated condition, t(17) ϭ 2.8, p Ͻ .05.
The results of Experiment 2 are inconsistent with global similarity explanations of orthographic RB: Even though the threeletter stimuli shared a greater proportion of letters than the fiveletter stimuli, they did not demonstrate a greater degree of RB. Although one could argue that the lack of a significant interaction was a matter of insufficient power, the effect size of the interaction was exceedingly small ( 2 ϭ .001). Equivalent RB for wordnonword pairs sharing the same number of letters, regardless of proportion of repeated letters, is consistent with the sublexical view of orthographic RB. 4 If the stimuli were words, then sublexical accounts might make different predictions for short and long words. This is because words allow pattern completion based on the "leftover letters," that is, the nonrepeated letters that appear to be detected can be capable of participating in cohort activation of words (Harris, 2001 ). Short and long words could differ in the number of words that are compatible with their leftover letters. More precise predictions would depend on statistical analysis of a frequencycoded lexicon. The finding of strong RB for word-nonword pairs that repeated only one or two letters is consistent with the proposal that RB can occur at the level of individual letters contained inside a nonword string. An alternative view is that the word's type node (Item 1) fed inhibition down onto letter clusters in Item 2.
5 On this view, when a word is detected, it spreads transient inhibition to the letters within it, which would mean that phone would inhibit the ph sequence in phurl, resulting in a deficit in reporting phurl. A prediction of this view is that no RB will be obtained for orthographically similar nonwords, such as meap meab. In contrast, the sublexical account of orthographic RB predicts substantial RB for nonword-nonword pairs. The goal of Experiment 3 was to test this prediction.
In creating nonwords for this experiment, we opted to explore some differences in the characteristics of nonwords. Consider the nonword bund, which occurs in nine English words (e.g., abundant), yielding a summed frequency of 61 per million (Francis & Kucera, 1982) . Unitization may occur when a string of letters frequently occurs. Nonwords that occur frequently as parts of words may thus have status as mental types, more than nonwords that have many word neighbors but that never occur as words (e.g., plame). To explore this idea, we designed two types of nonwords. The word-part nonwords were letter strings that occur frequently in English as parts of words. We also included nonwords that never (or rarely) occur as a whole string inside of English words. These were called the novel nonwords. As frequently occurring strings, the word-part nonwords, but not the novel nonwords, may activate mental types that can be subjected to limitations in type-token binding.
Readers may wonder why we investigated the variable of string frequency rather than focusing on a more standard measure of lexicality such as neighborhood size. Prior work has suggested that factors that influence word recognition (such as frequency and phonological regularity) have minimal or no effects on RB (Harris & Morris, 2001b; Morris & Harris, 1999 ; but see Bavelier et al., 1994 , for an alternative view). We also saw no theoretical reason to believe that neighborhood size would influence tokenization (or failure to bind types to tokens). It is interesting that this was confirmed when neighborhood structure of nonwords was recently examined in an RB nonwords paradigm. V. Coltheart and Langdon (2003) found that number of neighbors influenced participants' ability to report words and nonwords in the control condition (no repeated items) but not in repeated trials. Their data indicate repetition effects are not influenced by neighborhood size.
Given the comparison between word-part and novel nonwords, three findings are possible:
1. No RB is found for either type of nonword. This would be consistent with recent failures to find RB for repetition of identical nonwords (Campbell et al., 2002; V. Coltheart & Langdon, 2003) . Because our first two experiments found strong RB for word-nonword pairs, this finding would suggest that activation of a lexical type node is necessary to observe RB. 3. Reliable RB is found for the nonwords that are parts of words, but no RB is found for nonwords that are not parts of words. This would undermine the proposal that RB in nonwords exclusively comes from token-individuation limitations at a sublexical level.
We also included stimuli that repeated only a single interior letter (fep tem). A repetition effect for a single interior letter would extend the finding of RB for a single initial letter, found in Experiment 1, and would be a novel finding for nonwords. Our laboratory has failed to find RB for repetition of a single interior letter in words, despite several attempts (Harris, 2003; Harris & Morris, 2001a) . Such an effect would be noteworthy because it could indicate that orthographic RB is stronger in nonwords than in words, possibly because words promote pattern completion (Harris, 2001) .
Method
Design and materials. Pairs of nonwords, three to five letters long, were constructed to implement a two-factor design, with levels of both factors counterbalanced across participants. The repeatedness factor was whether the two critical items shared none of their letters (such as fic tem), one of their letters (fep tem), or all but one of their letters (ter tem). The repeatedness factor was within item, meaning that the second critical item (Item 2) was held constant while the first critical item (Item 1) was varied to implement the three levels of this factor, creating triples (as in Table 5 ).
The word-part factor was whether the second critical item (Item 2) occurred frequently in English as part of a word. Sixteen of the triples were word-part nonwords and 15 were novel nonwords. 6 Classification as word part was based on string frequency, using number of occurrences in the Francis and Kucera (1982) corpus, with novel nonwords having string frequencies of 0 -3 (M ϭ 0.5) and word-part nonwords having string frequencies of 10 -2,091 (M ϭ 576). Mean bigram frequency was calculated for each string, as described by Solso and Juel (1980) . To increase perceivability, we chose nonwords that had very high bigram frequencies, as bigram frequency can be understood to be a measure of orthographic regularity (see discussion in Castles, Datta, Gayan, & Olson, 1999; Solso & Juel, 1980) . There was a trend for novel nonwords to have lower bigram frequency than word-part nonwords: novel nonwords, M ϭ 1,065; wordpart nonwords, M ϭ 1,619, but this was not statistically reliable, t(29) ϭ 1.2, p Ͼ .20. Nonwords type also did not differ in orthographic neighbors: novel nonwords, Mdn ϭ 9, word-part nonwords, Mdn ϭ 6. All stimuli appear in Appendix C, with summary statistics for string frequency and mean bigram frequency.
Procedure. A difference from the first two experiments was that the first item always occurred in uppercase and the second item in lowercase. The reason for this change was a desire to maximize report of the first item. RB is strongest and least variable across participants and items when the first word of two critical words is well perceived. Many RB experiments conducted over several years suggested to us that uppercase words are better perceived than lowercase items under conditions of brief display and masking (Harris, 2001 ). This probably occurs because capitalization attracts attention and provides a stronger visual signal. An example of an RSVP sequence in Experiment 3 was NIME ######## nide &&&&&&&. As in the prior experiments, duration of nonwords was set individually for each participant on the basis of a computer-automated titration procedure carried out over 35 practice trials. Items in the practice trials were orthographically dissimilar. Exposure duration was initialized at 120 ms. Every 6 trials, exposure was decreased if the percentage report of both nonwords was more than 70% and was increased if report was less than 50%. This titration procedure was overly aggressive in decreasing exposure for 3 participants. These participants performed better than 70% correct at 90-ms duration during the practice trials, but when exposure was reduced to 75 ms at the onset of experimental trials, the participants thereafter reported fewer than 35% of both critical items. The data of these participants were discarded. The average exposure duration was 110 ms (range ϭ 75-120 ms).
Participants. Participants were 32 Boston University undergraduates who received course credit for their participation, including 4 participants who acquired English from birth in conjunction with another language.
Results and Discussion
Item 1 was correctly reported on 94% of trials, a value that did not vary by condition. An ANOVA was performed on the 2 ϫ 3 design using percentage correct report of the second nonword, given successful report of the first nonword (see Table 5 ). The word-part nonwords were easier to report than the novel nonwords, as indicated by a main effect of nonword type, F 1 (1, 31) ϭ 58.35; F 2 (1, 29) ϭ 15.87, both ps Ͻ .001. There was also a strong main effect of repetition condition (indicating that RB was present), F 1 (2, 62) ϭ 9.40; F 2 (2, 58) ϭ 10.63, both ps Ͻ .001.
Separate planned comparisons were conducted on the word-part and novel nonword stimuli to determine if the neighbor and single-letter conditions differed from the nonrepeated condition. For the word-part stimuli, the neighbor condition differed from the nonrepeated condition, F 1 (1, 31) ϭ 23.97; F 2 (1, 15) ϭ 29.76, both ps Ͻ .001. The single-letter condition also differed from the nonrepeated condition, especially for analysis by participants, F 1 (1, 31) ϭ 12.94, p Ͻ .005; although the difference was marginally significant for items analysis, F 2 (1, 15) ϭ 3.1, ps Ͻ .09.
As shown in Table 5 , repetition deficits were weaker for the novel nonwords stimuli, and indeed failed to reach statistical significance for either the neighbors, F 1 (1, 31) ϭ 3.00; F 2 (1, 14) ϭ 2.20, both ns, or the single letters, F 1 (1, 31) ϭ 2.41; F 2 (1, 14) ϭ 2.75, ns. Further statistical evidence that the two nonword types differed in amount of RB comes from a significant interaction of nonword-type and neighbor/nonrepeated condition (single-letter condition excluded), F 1 (1, 31) ϭ 8.22; F 2 (1, 29) ϭ 4.15, both ps Ͻ .05.
The finding of more RB for more repeated letters replicates Experiment 1. That RB was found at all for a single interior letter in nonwords (but not in words; see Harris & Morris, 2001a) suggests that nonwords may be more vulnerable to orthographic RB than words. One explanation is that words support pattern completion of "missing" letters. For example, in the stimulus wharf dwarf, the "blinded" arf sequence can be guessed from the dw onset (Harris, 2001) .
Strong RB for orthographically similar nonword-nonword pairs extends Experiments 1 and 2 by showing that orthographic RB for nonwords is a general phenomenon rather than something obtained only in word-nonword pairs. Small and statistically unreliable RB was found for the novel nonwords, that is, for nonwords that never occur as coherent strings in English text. However, it is premature to conclude that RB in nonwords is restricted to word-part nonwords. The novel nonwords had lowered nonrepeated report, and lowered nonrepeated report depresses the possible difference between repeated and nonrepeated conditions. In Experiment 4, we attempted to achieve better nonword report by using longer exposure durations for nonwords. Most importantly, in Experiment 4, we directly compared identity and orthographic RB by including identical word and nonword repetitions. Note. Difference (Diff) is nonrepeated Ϫ repeated (either neighbor or single-letter condition). Standard error of the mean for report of Item 2 ranged from 3% to 6%.
Experiment 4
V. Coltheart and Langdon (2003) and Campbell et al. (2002) reported finding no RB for nonwords. However, these authors used identical nonwords, which is identity RB, whereas in Experiment 3, we used nonidentical nonwords, which is orthographic RB. The striking RB found for nonidentical nonwords made us skeptical that RB would disappear simply by instituting as small a change as making the nonwords identical rather than differing by a single letter.
Could there be an additional amount of RB that occurs at the lexical level for identical repetitions, in addition to RB occurring at the sublexical level? Suggestive evidence for this comes from the observation that RB is stronger for repeated identical words compared with orthographic neighbors, but there is only a small reduction in amount of RB between neighbors and words repeating only half their letters (Ayçiçegi & Harris, 2002; Harris & Morris, 2000 , 2001a . Our expectation is there will be no additional RB deriving from the whole-string level. This means that, for nonwords, the magnitude of RB will be only slightly larger in the identical compared with the neighbor conditions. In contrast, for words, RB should be much larger in magnitude for the identical condition compared with the neighbor condition.
Under conditions of brief display and masking, nonwords are more difficult to read than words. If nonword trials are generally reported more poorly than word trials, then the lower nonrepeated score for nonwords will depress the nonrepeated-repeated score, meaning that less RB will be observed. Low recognition rates may entirely remove the opportunity to observe RB, because all theories concur that the first item needs to be accurately recognized (i.e., in token individuation theory, the type needs to be activated). We thus ran two versions of this Experiment 4. In Experiment 4b, exposure duration was set separately for word and nonword trials, based on a practice block. In Experiment 4a, the same practice block was used, but a single exposure duration was selected that was judged to be midway between the optimal duration for words and the optimal duration for nonwords. Experiments were run over the same months but used different participants.
Method
Design and materials. A between-items variable with three conditions was stimulus type. These were words and the two types of nonwords used in Experiment 3. This variable was crossed within item with three types of relatedness (nonrepeated, neighbor, and identical). Words and word-part nonwords were equated for string frequency, using number of occurrences in the Francis and Kucera (1982) corpus. As described in Experiment 3, string frequency is not the same as word frequency: The string chew (an item in the word condition) occurs 24 times in the corpus, including chewing (13) and forms of eschew (4). Prost (a word-part nonword) occurs 24 times, in words like prostate and prosthetic. We desired to make the two types of nonwords more equivalent in bigram frequency. It was difficult to find three-letter "novel" nonwords, and using four-and five-letter nonwords allowed a greater range of stimuli. In the final set of stimuli, string frequency of Item 2 ranged from 0 to 2 (M ϭ 0.3) for novel nonwords, 6 to 1,153 (M ϭ 193) for word-part nonwords, and 3 to 1,690 (M ϭ 240) for words. The string frequencies and bigram frequencies of the word-part nonwords and words did not differ significantly, although the word-part nonwords actually had slightly higher bigram frequencies (1,628) than the 16 word stimuli (1,079). Novel nonwords had nonsignificantly lower bigram frequencies than the word stimuli (961). The three types of items had similar median number of orthographic neighbors (3 to 5). Summary statistics comparing frequency and number of neighbors appear in Appendix D, along with items used.
Procedure. As in prior experiments, practice trials containing nonsimilar items were used to set exposure durations individually for each participant. Exposure duration began at 160 ms per word and was reduced every four trials by 15 ms. Experimenters made note of the fastest speed at which participants could report both nonwords, and both words, and used this to choose the speed for the experimental trials. Participants generally required 30 ms longer exposure duration to accurately read nonword trials. In Experiment 4a, which used the same duration for both words and nonwords, the mean exposure duration was 100 ms (range ϭ 60 -150). For Experiment 4b, the mean exposure duration for nonword trials was 112 ms (range ϭ 75-150) and for word trials, 83 (range ϭ 60 -135).
Participants. Thirty-three Boston University undergraduates participated in Experiment 4a and 27 participated in Experiment 4b. The data of an additional 13 participants were excluded from analysis for the following reasons: 7 participants reported both items on fewer than 35% of the nonrepeated trials, 7 1 participant was at ceiling on all trials, and 5 participants adopted a strategy of guessing identical repetitions 8 (as indicated by two or more occurrences of guessing an identical repetition on a nonidentical trial, as in reporting chef chef when the stimulus was chef chew).
Results and Discussion
To facilitate comparisons across conditions, we calculated difference scores for the nonrepeated-neighbor and nonrepeatedidentity conditions. As shown in Table 6 , these difference scores were substantially greater than zero (ranging from 23 to 49), indicating that strong RB occurred for all stimulus conditions, a finding that contradicts Campbell et al. (2002) and V. Coltheart and Langdon (2003) . Importantly, more RB occurred for words compared with nonwords. This was confirmed statistically by combining the two types of nonwords into one category and examining only the identity condition. In Experiment 4b, main effects for the word-nonword comparison were F 1 (1, 26) ϭ 20.2; F 2 (1, 46) ϭ 13.4, both ps Ͻ .001; in Experiment 4a, they were F 1 (1, 32) ϭ 5.7, p Ͻ .03; F 2 (1, 46) ϭ 2.94, p Ͻ .09.
As expected, identical repetitions produced more RB than orthographically similar items. Main effects for the identitysimilarity comparison were F 1 (1, 26) ϭ 7.1; F 2 (1, 46) ϭ 12.0, both ps Ͻ .01 in Experiment 4b. In Experiment 4a, they were F 1 (1, 32) ϭ 4.8; F 2 (1, 46) ϭ 7.03, both ps Ͻ .04.
An important theoretical question was whether words, but not nonwords, would show an additional amount of RB for the iden-tical condition beyond the amount found for the neighbor condition. The difference scores in Table 6 reveal a trend in this direction: Words had a larger decrement in report between identical repetitions compared with orthographic neighbors, whereas nonwords showed a smaller decrement. However, identitysimilarity of items did not interact with word-nonword status (all ps Ͼ .15). This means that statistical support for the proposal that nonwords show less of an increase in RB between orthographic neighbors and identical words is lacking.
Did the two types of nonwords differ from each other in amount of RB? When the two types of nonwords were compared in a 2 ϫ 2 ANOVA (excluding words), word-part nonwords showed similar amounts of RB as novel nonwords, in both Experiments 4a and 4b ( ps Ͼ .13). We thus infer that lack of RB for the novel nonwords in Experiment 3 was due to lowered nonrepeated report rather than lack of RB per se. This experiment showed strong orthographic and identity RB for two types of nonwords while also showing that RB is weaker in nonwords than in words.
General Discussion
It would be attractive support for token-individuation theory if RB did not occur for nonwords. This finding would unite several proposals: first, that nonwords do not have an existing stored representation or "type" and, second, that there is an early stage in visual processing in which types are activated but that binding types to tokens (or otherwise creating distinct episodic representations) requires additional time or access to a capacity-limited attention. Visual objects that activate types thus demonstrate the transient report failure known as repetition blindness, whereas visual objects that do not activate types (such as nonwords) do not.
We identified two shortcomings in the reasoning that tokenindividuation theory will predict a lack of RB for nonwords. The types that fail to be token individuated may be letters within words (or nonwords) rather than exclusively the word or nonword string that is processed for report. On the assumption that RB does occur at the level of letters within words (a controversial hypothesis; see Chialant & Caramazza, 1997 , and rebuttal by Harris & Morris, 2001a) , it then follows that RB will be found for nonwords, because nonwords contain letters. Second, processing of nonwords may result in activating words, as is proposed both by models using rules (M. Coltheart et al., 1993 Coltheart et al., , 2001 and by connectionist models that emphasize activation of a distributed network of mappings between graphemes and phonemes (Plaut, McClelland, Seidenberg, & Patterson, 1996; Zorzi, Houghton, & Butterworth, 1998) . Our experiments were designed to address whether RB in nonwords is restricted to the sublexical level and whether nonwords that are parts of words pattern with data for words rather than nonwords. However, the data have ended up supporting a simpler picture than we had imagined. RB in nonwords is similar to words, with the main difference being that RB in nonwords is weaker and more difficult to obtain than RB in words.
RB at Sublexical Versus Lexical Levels
The first two experiments demonstrated RB for word-nonword pairs ( plane plosh). A sublexical locus was inferred because the unique letters in the nonword appeared in participants' misreports with higher probability than the repeated letters. Experiment 3 revealed orthographic RB for nonword-nonword pairs, demonstrating that inhibition from a lexical item is not a necessary component of RB, which is inconsistent with claims by V. Coltheart and Langdon (2003) . Experiment 3 also produced the novel finding of RB for a single letter in the interior of a nonword. Because we have failed to find RB for a single interior letter inside words (Harris, 2003; Harris & Morris, 2001a) , we suggest that pattern-completion processes in words compensate for suppression of single, interior letters repeated across two words in RB paradigms.
The question of why identity RB was greater for words than for nonwords is unresolved. Readers' generally poorer ability to encode nonwords under RSVP conditions depresses the opportunity to find a large difference between nonrepeated and repeated conditions. We boosted report level for nonwords by instituting a longer display duration for nonwords compared with words (Experiment 4b). However, RB diminishes with longer exposure durations (Kanwisher, 1987) , and thus the nonwords in this experiment may have been partially out of the temporally narrow "RB window." Researchers could try to equate word and nonword reading in the same experiment by comparing (for example) easyto-read nonwords with hard-to-read words. We had hypothesized that words could show more RB than nonwords because identical repetitions of nonwords only manifest sublexical RB, whereas words display RB at two levels, sublexical and lexical. Motivation for this came from our laboratory experience in observing participants in experiments like the present set. Identical repetitions lead to a more profound "blindness" than what is observed for orthographic neighbors. Identity RB can be obtained with slower exposure durations and more intervening items than orthographic RB. RB increases with number of shared letters, but the increase between identical repetitions and neighbors is greater than the increase between three letters repeated and four letters repeated (Harris & Morris, 2000) . Participants are more likely to have the "something" experience (the feeling that a word was displayed; Park & Kanwisher, 1994) for orthographically similar words than for identical repetitions. We thus hypothesized that RB in words occurs at two levels: the level of the word string and the sublexical level. Would nonwords show an additional deficit, beyond that found for neighbors, due to repetition at the level of the whole string? The trend we observed was for words, but not nonwords, to show this additional deficit. In Experiment 4a, report of the second nonword was only 5% to 7% lower for identical repetitions compared with orthographic neighbors, whereas the difference for words was 15%. However, these are small differences, and the interaction of identity-similarity with word-nonword status was statistically unreliable. We thus cannot conclude that all RB in nonwords occurs at the sublexical level. The question certainly warrants further investigation.
Note that there was also more orthographic RB for words compared with nonwords (see Experiment 4b, Table 6 ). One could imagine setting aside the type-token binding perspective to consider the effects of lateral inhibition between words and their neighbors, as proposed in interactive-activation models (e.g., Plaut et al., 1996) and the dual-route cascaded model of M. Coltheart et al. (2001) . However, there is no evidence that competition between words plays a role in orthographic RB (Harris & Morris, 2001b) . Thus, the issue of depressed nonrepeated report (Experiment 4a) and slower exposure time (Experiment 4b) appear to be the best explanations for greater orthographic RB in words compared with nonwords.
We hypothesized that nonwords that are parts of words (tane tage) would show more RB than nonwords that are not parts of words, because word-part nonwords could attain the status of mental type through frequent exposure. Although Experiment 3 found RB only for word-part nonwords, and not novel nonwords, Experiment 4 found equivalent amounts of RB for these two word types. We attribute the discrepant findings to participants' less accurate report of the novel nonwords in Experiment 3, as lowered recognition of nonrepeated trials depresses the opportunity to find statistically significant RB.
Conflicting Findings Regarding RB in Nonwords
Why did prior researchers (Campbell et al., 2002; V. Coltheart & Langdon, 2003) fail to observe RB in repeated identical nonwords while finding it, robustly, in repeated identical words? Indeed, both groups of researchers found a repetition advantage for nonwords. We argue that they failed to find RB for nonwords because their observers could not reliably encode the nonwords. We discuss the implications for theories of the mechanisms underlying RB.
Across V. Coltheart and Langdon's (2003) experiments with nonwords displayed via RSVP, participants had very low accuracy in reporting nonwords on trials without repeated items: 10%-20% (Experiment 1), 8%-12% (Experiment 2), 10% (Experiment 4), 20% and 30% (with familiarization training; Experiment 5), and 8%-20% (Experiment 6). In contrast, accuracy on word nonrepeated trials was 60%-70%, accuracy rates that allowed a robust RB effect of 20%-30%. However, Coltheart and Langdon found improved report accuracy of 10% to 20% for nonwords. They thus concluded that RB does not appear for nonwords.
No such conclusion can be drawn, because repetition priming occurs for both words and nonwords when recognition accuracy is near floor. Our laboratory experience with RB has revealed that, if exposure durations are broadly within an "RB window" of 65 ms to 135 ms per item, size of RB effects depends on participants' accuracy in reporting orthographically nonsimilar words, such that three types of effects emerge:
• 50%-85% report on nonrepeated trials 3 maximal difference between nonrepeated and repeated of 20% for orthographically similar words, and 30%-40% for identical repetitions
• 30%-50% report on nonrepeated trials 3 differences between nonrepeated and repeated conditions are greatly reduced and variable across participants, with some participants showing no RB
• under 20% report on nonrepeated trials 3 improved performance on repeated trials, especially for identical repetitions (a repetition advantage).
Based on this experience, our laboratory adopted the practice of individually setting exposure speeds based on participants' ability to report orthographically nonsimilar items in a practice block. We also exclude participants from data analysis when accuracy at reporting both critical items on the nonrepeated trials was less than 35%. We chose the 35% cutoff based on our prior observations that this is the place where RB begins to disappear for words. Adopting this cutoff does not threaten the validity of conclusions about RB, because the cutoff is neutral with respect to the phenomenon of RB. All that this cutoff concerns is whether participants can read two words that do not share any repeated letters.
V. Coltheart and Langdon (2003) would probably have obtained priming for both words and nonwords, if word report had been as equally inaccurate as nonword report. We can illustrate this by analyzing the 7 participants who were excluded from Experiment 4 for having accuracy for nonrepeated trials of less than 35%. As shown in Table 7 , these participants demonstrate slight priming for nonwords, no RB for orthographically similar words, and a very small RB effect for identical word repetitions. Even more striking values emerge when the analysis is restricted to 5 very-poorly Note. Values reflect percentages of correct reports of Item 2 given correct reports of Item 1. Standard errors of the mean ranged from 4% to 17% (N ϭ 7) and 4% to 25% (N ϭ 5).
performing participants, those who had less than 20% accuracy on the nonrepeated trials (right panel in Table 7 ). These participants show priming for both words and nonwords. Why does low nonrepeated report co-occur with priming on repeated trials? When overall report levels are low, it means that encoding of words is very poor. If the first item is not encoded to the point at which it can be reported, it is not tokenized, and thus it cannot inhibit perception of the other item, and thus no RB occurs. The situation then becomes similar to masked priming. However, in masked priming, participants are usually only required to report one item. In V. Coltheart and Langdon's (2003) experiment, like ours, participants attempted to report both items. In our analysis of the 5 least-accurate participants, these participants actually correctly reported both identical repetitions on 25% of trials. If encoding of even one item is so difficult, how are participants able to report two items better than one item? Participants know they are supposed to report (at least two) items. Repeated letters across the two occurrences can reinforce each other, aiding perception. Participants can take advantage of their knowledge that the two items are orthographically similar or identical to guess two similar or identical words. This point was argued in Harris and Morris (2001a) , in which we demonstrated a reduction in RB for identical items if participants adopt a strategy of guessing a repetition when they have an impression of similarity (see also discussion of the perception that "something" was present, in Park & Kanwisher, 1994) .
V. Coltheart and Langdon (2003) argued that participants' much higher accuracy for words than nonwords does not threaten the validity of their conclusions by referring to their Experiment 3, in which participants counted how many items had been displayed. Word and nonword trials had comparable accuracy, with nonwords being slightly aided by repetition and words slightly impaired. However, note that this task does not require tokenization. With nonwords being difficult to identify to the point of conscious report, participants could have relied on the strategy of looking for visually similar patterns. Because reading words is highly automatic, participants are less likely to treat them as novel visual patterns. Therefore, words would have been more likely to have been recognized, tokenized, and subjected to RB.
We maintain that it would be easy to replicate V. Coltheart and Langdon's (2003) results by finding exposure parameters that give words a perceptual advantage over nonwords. The easiest parameter to manipulate in this fashion is exposure duration, because exposures at which reporting words is high but subceiling often produce accuracy near floor for nonwords.
There are other ways to give words a perceptual advantage over nonwords. One of these is illustrated in Campbell et al. (2002) . Like V. Coltheart and Langdon, these authors found a trend for priming in nonwords while obtaining RB for words. In two of their three experiments, report of nonwords in the nonrepeated condition was very low: 8% to 15% in their Experiment 1, and 18% to 21% in their Experiment 3. Lack of RB in these experiments can thus be explained by following the foregoing discussion.
However, in one condition in Experiment 2 of Campbell et al. (2002) , nonrepeated accuracy was reasonably good (51%). Why then was RB absent and a slight priming effect obtained (12%)? Instead of using a full report procedure, Campbell et al. used recognition probes, following Arnell and Jolicoeur (1997) . After the RSVP display, participants were presented with three items and asked how many times each had occurred. One was always a foil.
On repeated trials, two of the response probes were foils. In unpublished work (Harris, Morris, & Ayçiçegi, 2003) , we obtained very strong orthographic RB for words using recognition probes. Our foils were always orthographically similar to targets. For example, if shown the two targets slip slap, observers would be asked for a forced-choice decision to the target slap or the foil word slop. Participants could not achieve high accuracy by using an impression of orthographic similarity between targets and probes. In contrast, Campbell et al. did not use orthographically similar foil items.
In Campbell et al.'s (2002) experiments, observers first saw a sentence displayed via RSVP. Participants then received the probes of one foil and two targets and had to type in how many times each occurred (e.g., for the nonrepeated trial, correct responding would be 0, 1, 1 and for the repeated trial, 0, 0, 2). For example:
After checking his old gelf the narb was closed.
or After checking his old narb the narb was closed.
response choices: krad gelf narb Our critique of this procedure is that fully encoding the nonwords is not necessary to perform well on this task. It is sufficient to encode any aspect of the nonword targets that allow them to be discriminated from the foils. Given that the accuracy for nonrepeated trials was only 50%, encoding word length, word-envelope shape, letter shape, or individual letters or letter pairs is likely sufficient to distinguish targets from foils. Indeed, one reason for participants to avoid fully encoding nonwords was that Campbell et al.'s (2002) nonwords contained rare letter combinations and appear to be difficult to pronounce. For example, their foil nonwords included utni, dymi, etco, swun, smas, acdi, itno, jyru, cypo, pega, vewol, wehla, wrie, ceths, rutoe, brae, ertah, otuloko, duby, glof, jicue, buze, pippra, slos, oneon, symlob, nisoe, slun, tethe, mesou, dwin, reka, sclas, alvog, mepla, spelma, rega, sedli, peyne, hesou, snog, ralmevo, anget, wiwido, wetar, and dewm. Why did accuracy actually increase on repeated nonword trials? Observers likely become attuned to the presence of identical repetitions across the experiment, and when an impression of similarity was identified, participants could let information accrue across the two presentations of the nonwords, and then guess that two occurrences of that nonword had been reported. This would have produced superior accuracy in the repeated condition compared with the nonrepeated condition.
The strategy of not encoding items would be less useful for word trials, because of the relative ease and automaticity of phonological encoding of words. The contextual cues provided by sentences make reading for immediate comprehension a viable method for encoding words in RSVP sentences (Potter, 1984) . On word trials, participants likely simply tried to read and encode the words in the sentences. On nonword trials, we suspect that many participants did not attempt to encode the nonwords but instead attended to salient letters or nonword shape.
As noted above, an additional reason for participants to resist encoding the nonwords is that Campbell et al.'s (2002) nonwords were orthographically strange and do not lend themselves to rapid phonological encoding. We calculated bigram frequency for their nonwords (using position-sensitive bigrams as described in Solso & Juel, 1980 , as done in Experiments 3 and 4 of the present article) and found that their nonwords had lower bigram frequencies (M ϭ 932) than their words (M ϭ 1,348), F(1, 377) ϭ 10.77, p Ͻ .001. Indeed, only 20% of their nonwords were above the mean bigram frequency for words. Furthermore, the bigram frequency of the foil nonwords (M ϭ 720) was lower than the bigram frequency of the target nonwords (M ϭ 932), F(1, 311) ϭ 4.6, p Ͻ .05. Thus, participants could improve their detection of repeated words by rejecting those response choices with unusual letter combinations.
To force participants to fully encode nonwords and to stabilize them in working memory where they are in a form ready to be accessed for explicit report (which Kanwisher, 2001 , has discussed as a criteria to observe RB), the task needs to be either full report or orthographically similar foils must be used. To decrease participants' propensity to guess that a repetition was present, one should include orthographically similar words, so that an impression of similarity across two items does not lead to a guess of two occurrences of one item.
Where Does This Leave Whole-Word Theories of Repetition Blindness? Kanwisher and Potter (1990) proposed that the level at which RB occurs is the level at which attention is processed, which is the level of the whole word (or whole string). Whole-word theories dovetail with work demonstrating that attention modulates degree of RB. Using a two-letter display, Kanwisher et al. (1995) instructed observers to report either color or shape, thus making color or shape the attended dimension. Observers responded less accurately when the letters were identical on attended dimensions. Identity on the unattended dimension had no influence on report. This and related studies (Baylis, Driver, & Rafal, 1993) support the view that RB affects the level on which attention is focused.
Our findings on orthographic RB reveal that RB is sensitive to the level of letters within words. This raises the possibility that RB influences two levels, a sublexical level in addition to the level being reported. One could speculate that the level influenced by RB is not just the level on which attention is focused, but any level of information that must be processed to encode the information into a form that is helpful for future action (i.e., create an episode instantiation). Future work will be necessary to determine whether RB in identical repetitions is the sum of RB occurring at the sublexical and lexical levels. 
